Introduction {#sec1_1}
============

Colon cancer is the most common form of cancer worldwide and the second leading cause of cancer-related death in the Western world \[[@B1]\]. Survival is related to stage, and the 5-year overall survival rate is approximately 60%. However, advanced stages with metastasis show a 5-year survival rate of only 5% \[[@B2]\]. Metachronous secondary tumors affect 20--30% of colon cancer patients and are usually detected within 2 years after the resection of the primary tumor \[[@B3]\]. However, there is still no consensus concerning the therapy and the duration of follow-up of patients who have had curative colonic resection. Recently, peritonectomy combined with intraperitoneal chemotherapy was reported to improve the long-term survival of peritoneal carcinomatosis \[[@B4], [@B5], [@B6]\], but the role of intraperitoneal chemotherapy in addition to adjuvant chemotherapy and tumor resection remains undefined in patients with intra-abdominal recurrence of colon cancer. We herein report a case of ascending colon cancer with intraperitoneal recurrence 10 years after the resection of the primary lesion. Treatment consisted of three resections against the intra-abdominal metastatic lesion and systemic and localized (intraperitoneal) chemotherapy, which resulted in no evidence of a fourth recurrence 12 months after the third recurrence.

Case Report {#sec1_2}
===========

A 56-year-old Japanese woman who had a history of ascending colon cancer underwent radical right hemicolectomy with D3 lymph node dissection at 43 years of age (**fig. [1](#F1){ref-type="fig"}**). The pathological findings were pSS (moderately differentiated, ly1, v1, INFb) pN1, sH0, sP0, fStage IIIa, Cur A, and the case was classified as T3N1M0 (stage IIIa) according to the TNM classification. The patient did not receive chemotherapy. After the surgery, the patient developed the symptoms of ileus two or three times within a year; therefore, a synechotomy was performed at 44 years of age. No malignant lesions were found, and the postoperative course was uneventful. However, at 53 years of age, 10 years after the primary tumor resection, the patient was admitted to the emergency room because of abdominal pain, and although the pain disappeared without special therapy, a 4-cm tumor in the lower left abdominal cavity was detected by computed tomography (CT) (**fig. [2A](#F2){ref-type="fig"}**), and tumor uptake on a positron emission tomography (PET) scan revealed a maximum standardized uptake value of 9.0 (fig. [2B](#F2){ref-type="fig"}). Chest CT scan, esophagogastroduodenoscopy, and colonoscopy revealed no malignant lesions. Thus, the diagnosis was a recurrence of ascending colon cancer resected 10 years ago, and a recurrent tumor resection with partial small intestinal resection was performed. This laparotomy revealed only the recurrent tumor detected by CT scan. There were no additional tumors (either primary or recurrent lesions), and the intraoperative cytology of the peritoneal washing showed no evidence of malignancy. Histology of the resected tumor was shown to be moderately differentiated adenocarcinoma (**fig. [3A](#F3){ref-type="fig"}**) with infiltration into the fat tissue of the omentum and within the wall of the small intestine. Immunohistochemically, adenocarcinoma cells were negative for cytokeratin (CK) 7 (Clone OV-TL 12/30, Dako, Carpinteria, Calif., USA) and strongly positive for CK 20 (Clone Ks20.8, Dako), which is suggestive of colon origin (fig. [3B and C](#F3){ref-type="fig"}). Characteristically, immunohistochemical expression of CD44 (Clone F10-44-2, Dako), a marker suggestive of colorectal cancer stem cells, labeled a few normal intestinal epithelial cells localized at the bottom of the crypt, which were assumed to be stem cells, and had a scattered distribution in cancer cell membranes (fig. [3D](#F3){ref-type="fig"}). Vascular endothelial growth factor (VEGF, Clone A-20, Santa Cruz Biotech, Calif., USA) was expressed in endocrine cells in the crypt and diffusely expressed in cancer cells (fig. [3E](#F3){ref-type="fig"}). Angiogenesis and lymphangiogenesis were detected by CD34 (Clone NU-4A1, Nichirei, Tokyo, Japan) and D2-40 (Clone D2-40, Dako), respectively (fig. [3F and G](#F3){ref-type="fig"}). The margins of the resected tumor were free from invasion. After surgery, the patient received adjuvant chemotherapy consisting of tegafur uracil (300 mg/m^2^) and calcium folinate (75 mg). Ten months after the first recurrence, CT and PET revealed liver tumors (fig. [2C, D, E and F](#F2){ref-type="fig"}); therefore, a left lateral segmentectomy and S8 partial hepatectomy without any further adjuvant chemotherapy were performed. Microscopic examination of the liver tumors showed moderately differentiated adenocarcinoma compatible with the first recurrence. Then, 8 months after the second recurrence, CT and PET revealed a 3-cm tumor on the end of the ileum (fig. [2G and H](#F2){ref-type="fig"}). Prior to surgery for this third recurrence, we treated the patient with 5 cycles of combination chemotherapy consisting of folinic acid, fluorouracil and irinotecan. Tumor resection for the third recurrence including ileocolonic anastomosis, total hysterectomy, and bilateral salpingo-oophorectomy was performed. Intraoperative chemotherapy with oxaliplatin (60 mg/m^2^) and fluorouracil (300 mg/m^2^) and intravenous injection of levofolinate (180 mg/m^2^) was performed. Microscopic examination of the tumor showed moderately differentiated adenocarcinoma compatible with the first and second recurrence. After surgery, the patient received adjuvant chemotherapy consisting of 5 cycles of combination chemotherapy with folinic acid, fluorouracil and oxaliplatin. The patient is well with no evidence of recurrence 12 months after the third recurrence.

Discussion {#sec1_3}
==========

There is no consensus concerning the long-term follow-up of patients who have had colon cancer surgery. Follow-up data suggest that the average disease-free survival time between primary tumor resection and recurrence is one and a half years \[[@B7]\]. Metachronous secondary tumors affect 20--30% of patients and are usually detected during postoperative follow-up, with a higher incidence during the first 2 years \[[@B3]\]. The present patient was disease-free for 10 years after the primary colon cancer surgery with no evidence of recurrence. Most recurrences of colorectal cancer (89%-100%) occur within 5 years \[[@B8]\]. There are a few reports of the development of metastic lesions a remarkably long time after the primary colon cancer surgery \[[@B9]\]. Thus, patient follow-up for more than 10 years after primary colon cancer surgery is desired.

The mechanisms of tumor dormancy are not clear. It is possible that micrometastases of the primary tumor can remain in a dormant state for a long period \[[@B10]\]. The dormant micrometastases may escape dormancy by increasing their level of angiogenic activity through the disappearance of circulating angiogenesis inhibitors and/or a switch to the angiogenic phenotype by a subset of cells within the micrometastases. In our case, the cancer cells stained positive for VEGF, and angiogenesis (as determined by CD34 staining) and lymphangiogenesis (as determined by D2-40 staining) occurred adjacent to VEGF-positive tumor cell nests at the recurrent site. These results suggest that sufficient levels of nutrient supplementation may have increased cancer cell proliferation such that they escaped from the dormant state. VEGF expressed in endocrine cells located in normal intestinal crypt but not in normal absorptive epithelial cells \[[@B11]\] can be an internal control. High VEGF expression in colon cancer cells is related to low overall survival and a short disease-free survival period \[[@B12]\]. As in the present case, diffuse VEGF positivity may indicate repeated recurrence.

Recently, it has become clear that tumors and hierarchically organized heterogeneous cells contain a cancer stem cell component. The cancer stem cells share many similarities with normal stem cells, such as self-renewing capacity and multilineage differentiation properties \[[@B13]\]. CD44 is a transmembrane glycoprotein that participates in growth, survival, differentiation, and motility \[[@B14]\]. CD44 is a robust marker and is of functional importance for colon cancer cells for cancer initiation \[[@B14]\]. In our case, the scattered appearance of CD44-positive cells may suggest continuous tumor growth, metastasis, and cancer recurrence.

At present, there is no published data that outlines the impact of the new systemic therapy regimens when given to patients with intra-abdominal recurrence of colon cancer. Cytoreductive surgery treating macroscopically detectable tumor and intraperitoneal chemotherapy early after surgery to treat residual tumor measuring less than 1 mm has been proposed \[[@B15]\]. This combined modality has already proved its superiority over standard treatment in patients with colon cancer in a randomized study \[[@B16]\]. However, intraperitoneal chemotherapy modalities vary. The first and most commonly used agent for intraperitoneal chemotherapy in colon cancer is mitomycin C or fluorouracil \[[@B17], [@B18], [@B19]\]. However, mitomycin C is not an efficient treatment for metastatic colorectal cancer, and it seems logical to use intraperitoneal oxaliplatin in combination with systemic leucovorin. Elias et al. \[[@B17], [@B20]\] used oxaliplatin for intraperitoneal chemotherapy and reported survival rates of 48.5--54% at 5 years in patients with carcinomatosis of colorectal origin. In our case, we performed three surgical cytoreductions and administered intraperitoneal fluorouracil and oxaliplatin and systemic levofolinate. The patient is well with no evidence of recurrence more than 12 months after the third recurrence. Our case suggests that colon cancer can metastasize many years after the initial resection and that aggressive local as well as systemic chemotherapy may be required for colon cancer management.

![Schematic representation of the clinical course.](cro-0005-0373-g01){#F1}

![Abdominal CT scan (**A**, **C**, **E** and **G**) and PET (**B**, **D**, **F** and **H**). **A** and **B** (arrowhead) show a first recurrence lesion in the left abdomen. **C**, **E**, **D** and **F** (arrowhead) show a second recurrence lesion in S3 liver and S8 liver. **G** and **H** (arrowhead) show a third recurrence lesion in the right abdomen.](cro-0005-0373-g02){#F2}

![The histopathologic finding of the first recurrence. **A** Tumor shows moderately differentiated adenocarcinoma (HE ×400). **B** Tumor was negative for cytokeratin (CK) 7 (×40) and positive for CK 20 (×40). The findings are suggestive of a metastatic tumor from primary colon cancer. **D** The tumor membrane is sporadically positive for CD44 (×200). **E** The tumor cytoplasm is diffusely positive for vascular endothelial growth factor (VEGF) (×200). **F** Angiogenesis can be seen by CD34-positive cells (×200). **G** Lymphangiogenesis can be seen by D2-40-positive cells (×200). Vessel proliferation was seen around the cancer cell foci.](cro-0005-0373-g03){#F3}
